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1. Introduction {#sec1}
===============

Since the 1980s, a heated debate has been raging over the "proper" approach to managing people in organizations. There is much research that proves there is a strong, positive relationship between human resource management (HRM) practices and a company's performance, including such specific areas as introducing strategy and innovation ([@bib8]; [@bib45]; Jiang et al., 2012; [@bib5]; [@bib119]; [@bib113]). HRM function -- defined as the activities undertaken by the HR department, such as recruitment and selection, HR appraisal, HR development, and HR rewarding -- has evolved from a purely administrative role to a strategic one.

In the modern world, continuous organizational changes are becoming the norm. They consist of the reorganization of processes, the optimization of the size of an organization, decentralization, and the blurring of organizational boundaries ([@bib99]). As Kaur et al. stated, "the long-term success of firms can only be ensured if they adapt their strategic and structural orientation as per the changing environmental and technological scenario" ([@bib59], p. 44). Two emergent theoretical and practical fields related to the environment and technology are sustainability and Industry 4.0, respectively. The results of literature studies conducted by [@bib108] indicate that the interest in matching these two above-mentioned body of knowledge has been growing.

Sustainable development is generally defined as "meeting the needs of the present generation without compromising the ability of future generations to meet their own needs" ([@bib125], p. 49). This concept is based on three pillars, called the Triple Bottom Line. The first pillar covers environmental development, the second one economic development, and the third pillar is social development ([@bib2]). It was established in the 1960s as a response to the rapidly growing population and related risks, such as excessive use of natural resources, environmental pollution, a high unemployment rate, malnutrition, or the destruction of the Earth's surface, especially of forests. The increased discussion on the global environmental problem was initiated by the report "The Limits to Growth" -- published by the Club of Rome, founded in 1968 ([@bib75]) -- which presented a pessimistic vision of the Earth's fate. Later, the need for sustainable development was highlighted in the Brundtland Commission's report in 1987 ([@bib14]). Now it has been accepted that sustainable economic growth depends on an adequate degree of sustainable development in terms of social and environmental performance and also on constant learning ([@bib129]).

Sustainable human resource management (SHRM) refers to the concept which combines the idea of sustainability with the soft approach to human resources. This approach promotes basing an HRM strategy on fostering a culture of trust and cooperation and on developing employee involvement, one component of which is loyalty to one's employer. The soft approach to HRM aims to achieve adequate financial results, but through the policy of building a good "employer--employee relationship." A soft strategy -- according to the research -- is effective in retaining an employee for a longer period of time in an organization and encouraging them to share knowledge, work more productive, act with passion and commitment, generate creative ideas in order to achieve the business goals ([@bib115]; [@bib84]; [@bib61]; [@bib76]). Recently, significantly more interest in this concept has been observed, but the literature discussing this issue is fragmentary and highly diverse. In addition, one universally applicable, precise definition of this term has not yet been formulated, though the most frequently cited one holds that "sustainable HRM is the pattern of planned or emerging human resource strategies and practices intended to enable organizational goal achievement while simultaneously reproducing the HR base over a long-lasting calendar time and controlling for self-induced side and feedback effects of HR systems on the HR base and thus on the company itself" ([@bib29], p. 74).

It is worth mentioning that in the literature on the subject, in addition to sustainable HRM, such concepts as green HRM, socially-responsible HRM, and common good HRM are also present. Green HRM focuses on the role of HRM in attaining environmental performance ([@bib114]). Socially-responsible HRM and common good HRM represent employee-oriented HRM. These concepts are reflected in decent working conditions and employee participation, for example ([@bib28]; [@bib67]). Moreover, there are numerous studies indicating a strong, positive correlation between the relevant SHRM practices and company performance -- mainly in terms of the environment ([@bib104]; [@bib44]; [@bib46]; [@bib89]; [@bib27]; [@bib114]; [@bib85]). Against this background it is worth mentioning that research conducted by [@bib110] proved that green HRM practices have a positive influence on non-green workplace outcomes such as, e.g., intention to quit.

The principles of SHRM explain how sustainable development can be used with reference to human resource management (HR function). These rules describe the type of HRM which deserves the attribute of "sustainable." An overview of the literature on the subject leads to the conclusion that there are many approaches to the principles of sustainable HRM. Different authors pay attention to various aspects which are important to them ([@bib131]; [@bib21]; [@bib30]). On the basis of literature studies, these principles can be divided into general (i.e., having developed along with the concept itself) and detailed (related to specific actions towards employees).

The general principles, within the framework of the SHRM concept, include the following ([@bib30]):1)an awareness of the complex correlations between the human resource management system and the external and internal organizational environment,2)actions that enable long-term reproduction of the resources, and3)recognition and reconciliation of multiple -- potentially contradictory -- economic, ecological, and social goals.

Among the numerous detailed principles of sustainable HRM, the development of human resources is mentioned. As indicated before, HR development is simultaneously one of the basic elements of HR function. [@bib41] directly indicated that sustainability means the development of human potential. A far-sighted perspective requires the competencies of the future to be taken into account in the course of development processes. These competencies guarantee employment both today and in the future and are associated with the changes occurring in the modern world. This particularly refers to the development of the Fourth Industrial Revolution (including the idea of Industry 4.0), following which people and machines are mutually connected in order to simplify all processes which are being digitized. Industry 4.0 has four main characteristics: horizontal integration across countries and continents, vertical networking aiming at individualized production ([@bib128]), through-engineering, and acceleration through exponential technologies ([@bib25]). As Whysall, Owtram, and Brittain state, "the speed of technological change brought about by Industry 4.0 had created a significant gap between the current capability of employees and the rapidly evolving requirements of their roles, prompting a need to consider new and more effective approaches to human resources development" ([@bib128], p. 118).

Industrial engineers are the core group of employees in the context of these changes. They "design, develop, test, and evaluate integrated systems for managing industrial production processes, including human work factors, quality control, inventory control, logistics and material flow, cost analysis, and production coordination" ([@bib38]). In 1982, they were called the architects of the future ([@bib36]). It is justified to continue referring to them in this way, since they introduce product and process innovations that are not only crucial for the survival and growth of organizations ([@bib121]) but that also result in high-quality goods supplied to society and generate economic growth ([@bib1]).

As far as sustainability is concerned, engineers are responsible for the implementation of innovations aiming at cleaner production, which is defined as "a preventive environmental management strategy, which promotes eliminating waste before it is created to systematically reduce overall pollution generation, and improve efficiencies of resource use" ([@bib123], p. 3). It is worth mentioning that the cleaner production can be one of the many effects of implementing the Industry 4.0 concept. Digitizing manufacturing means an increase in manufacturing productivity, but this also has an impact on the economic bottom line. It may optimize the trade-off between energy consumption and machine processing cost ([@bib102]), influence resource efficiency through waste reduction and can minimize carbon emission (environmental bottom line) ([@bib86]). Moreover, the Internet of Things -- as one of the elements of Industry 4.0 -- can bring about new environmentally-friendly products (social, economic, and environmental bottom line) ([@bib58]; [@bib13]; [@bib40]). In this way, engineers contribute to the development of a sustainable circular economy ([@bib24]). The lack of specific knowledge on "what to do and when to do it" is one of the crucial barriers in moving manufacturing industry towards Industry 4.0 ([@bib79]) and sustainability ([@bib62]; [@bib39]). As [@bib19] state, while the technical side of the circular economy has been broadly discussed, its "human side" requires further investigation. [@bib108], likewise, state that "the link between the social dimension of sustainability and the use of digital technologies should be developed further". This is an important justification for addressing the problem of developing production engineers' competencies.

The purpose of the article -- its theoretical section -- is to present how the development of human potential in an organization should be organized against the background of other detailed principles of SHRM. In other words, the paper answers the basic academic questions of "what and how to do" ([@bib127]) in order to perform the element of HR function (HR development) in a sustainable way. The article utilizes a number of relevant research findings published mostly in journals indexed in the Scopus database. The empirical section presents research addressing the sustainable HR development in relation to production engineers in Poland, conducted within three research projects. The first research project -- "The Development of Engineers' Competencies" -- was carried out in 2016 on a sample population of 114 engineers from manufacturing companies. The second research project -- "Smart Industry Poland 2019" -- was implemented for the Ministry of Entrepreneurship and Technology in cooperation with Siemens and analyzed a sample of 200 engineers. The third research project is of a preliminary nature, covering 50 engineers working in industrial companies. The survey method was used in each of these research projects. For the purpose of this study, the author utilized representative data presented by Eurostat and Statistics Poland as well.

The paper is organized as follows. The second section of the article -- presenting the theoretical background -- discusses the problem of employee development in the context of other detailed sustainable HRM principles. The typology of SHRM principles presented by Stankevičiūtė and Savanevičienė (2019) was used. This section also characterizes the competencies considered to be the competencies of the future. The third section -- the empirical part of the article -- addresses the sources of data regarding the situation in Poland, the research results, and discussion. The last section of the article provides conclusions. It also presents the respective implications for practitioners and researchers.

The article contributes to theory development in a few ways. Firstly, the author provides a description of one of the principles of SHRM (and one of the elements of HR function, namely, HR development) including a set of relationships between this principle and other HRM principles. Secondly, the idea of sustainable HRM -- with a focus on HR development -- is combined with the concept of Industry 4.0. The developed theory offers "a statement of relations between concepts within a set of boundary assumptions and constraints" ([@bib4], p. 496). Thirdly, the link between the above-mentioned conceptual framework and the empirical research is presented. Finally, the author formulates directions for further research with the focus on sustainability.

2. Literature background {#sec2}
========================

2.1. Guidelines for the development of human potential including other detailed principles of sustainable HRM {#sec2.1}
-------------------------------------------------------------------------------------------------------------

Human resources development -- as an element of HR function -- in the general literature on HRM is defined as the "integrated use of training and development, career paths, and organizational development to improve individual and organizational effectiveness" ([@bib74], p. 1). [@bib111] links the development of personnel to such concepts as learning, performance, and changes. The main instrument of human resources development is appropriate training. Training means a "systematic development of the knowledge, skills, and expertise required by a person to effectively perform a given task or job" ([@bib107], p. 483). The basic assumption in general HRM is that employers should focus on the competencies required to achieve their business objectives and should remain competitive and agile, which requires them to ensure their employees receive the necessary training to fill these competency gaps. Employees need to acquire competencies "on demand" in order to adapt to their changing roles and responsibilities ([@bib51]).

Some authors discussing the issue of sustainable HRM focus on HR function (called also HR bundles) and include HR training within this function ([@bib56]; [@bib55]; [@bib44]; [@bib85]). Others discuss the "dimensions" of SHRM which go beyond HR function and include, e.g., teamwork, organizational culture, or top management support ([@bib54]; [@bib132]; [@bib27]; [@bib97]; [@bib78]). Still others address the conditions connected with HRM, which must be fulfilled in order to build a sustainability-driven organization. They include organizational justice, psychological empowerment, green balance between professional and private life, organizational citizenship behavior, and job satisfaction ([@bib80]; [@bib112]). Finally, [@bib134] proposes a meta-theory and presents green HRM as a function of a cognitive/social HR information processing system.

For the purpose of this article, the conceptual framework presented by [@bib117] was used. Based on literature studies, these authors have prepared -- in addition to human resource development -- the following list of detailed principles of SHRM: 1) a long-term perspective, 2) flexibility, 3) employee participation or empowerment (involving employees in many decision-making processes beyond those for which their participation is a legal requirement), 4) fair and equal opportunities, 5) the protection of human resources (care of employees), 6) cooperation between employees, 7) the protection of the environment, 8) external partnership, and 9) profitability.

The development of human resources is discussed below in relation to the remaining principles of SHRM. The effective implementation of this concept requires all of the rules to be applied simultaneously and the correlations between them to be determined.

As highlighted in the Introduction, the development of human resources, taking into account the long-term perspective (Principle 1), means that developing the competencies which employees need "here and now" is insufficient. It is important to define and develop such employee skills which can prove useful for them and the organization in the future. Contemporary organizations must remain flexible.

Flexibility (Principle 2) can apply to the entire organization, but also to its individual components, e.g., people. The scientific literature mentions a subjective (referred to as the actor's) approach to flexibility, which states that the flexibility of an organization is determined by the individual flexibility of its participants ([@bib124]). Within the framework of personal flexibility, the following can be listed ([@bib95]):•task flexibility, meaning substantive preparation and readiness to undertake tasks specific to other than one's own position•psychological/mental flexibility, helping the employee to stay immune to the effects of stress caused by change

The following types of flexibility are distinguished in the general literature addressing HRM ([@bib15]; [@bib6]):a)quantitative flexibility -- adapting the number of employees to the changing needs of an organizationb)functional flexibility -- the ability of employees to perform various tasks. This type of flexibility is related to individual task flexibility.c)working time flexibility -- using various forms of working time. Introducing flexible working time also involves allowing team members to create their own work schedules.d)wage flexibility -- allowing multiple types of remuneration (including the option for employees to choose the most appropriate type for themselves).

From the perspective of SHRM, flexibility is not identified with staff quantitative flexibility. It is not about making ad hoc decisions that involve hiring or dismissing employees. Flexible SHRM is reflected in the ways of organizing work. It covers, e.g., employee rotation and replacement, the possibility of working from home, and a flexible work schedule, which allows it to be tailored to the interests of both the employer and the employee.

Referring the indicated attributes of flexible HRM to the problem of human resources development, it should be stated that the first two actions mentioned above (job rotation and substitutions) are considered the training methods ([@bib103]). At this point, it is worth mentioning that it was proven in the 19th century that 90% of the knowledge acquired in a classroom is forgotten after 30 days and 60% after just 1 h. Although we live in the 21st century, the research since that time shows that only 10%--20% of the skills learned during training courses are transferred to the workplace ([@bib52]; [@bib92]). The forms of training and methods of work with the training participants are, beyond any doubt, manifested in more extensive specific knowledge, skills, or attitudes. They should be selected according to the purpose and subject of the training and should also respond to the expectations of employees. Listening to employees' suggestions, and taking them into account in the employer's decisions, is part of the process of employee participation (Principle 3). The highest form of employee participation is employee empowerment ([@bib20]). A flexible training process allows employees to acquire knowledge and skills even from home at a convenient time. This can be achieved by introducing e-learning, which is a subject of the digital development within Industry 4.0. Thus, the training process is carried out with the employees' work--life balance in mind ([@bib117]).

Treating an employee as the most crucial resource in an organization constitutes the basis for developing a good employee--employer relationship. This means recognizing investment in an employee as the best of all possible options ([@bib7]). Furthermore, employees should have fair and equal access (Principle 4) to the training initiatives offered by their employer. It has been proven that organizational justice in fact has a strong impact on job satisfaction, and that a satisfied employee is a predictor of success in the implementation of different organizational activities, including sustainable development ([@bib112]). The issue of employees' equality is broadly discussed in the literature on socially-responsible HRM ([@bib109]; [@bib82]).

Care for an employee (protection of employees, or Principle 5) means employee retention and regeneration, among other things ([@bib29]). As a result of training, employees can acquire various professional (technical) and interpersonal skills. Training can also teach one how to take care of oneself, how to combat stress, and how to develop proper eating or exercise habits in order to regenerate after work.

Learning new skills and improving existing competencies brings benefits not only to an employer, but also to the employees themselves. A competent and healthy employee becomes a key employee in an enterprise and has a chance for long-term employment in their current workplace. The effects of an employee's work are reflected in the company's performance -- accomplished in various fields (including sustainable development). Training supports the development of a culture of cooperation (Principle 6), as well ([@bib71]; [@bib49]).

Highly developed competencies are gaining importance in times of change, including economic crises. Even if an employee is made redundant, owing to his/her skills, he/she will easily find another job. The development of human resources is closely related to an increase in employability ([@bib11]). Therefore, an employer who is unable to guarantee long-term employment performs a social mission by facilitating employees in making their way on a competitive job market.

At this point, it is worth mentioning that some managers voice concerns that employees trained at the expense of their employer will leave for the competition. This is one of the myths about training courses ([@bib73]). Independent research shows that training is an important factor in employee retention ([@bib60]; [@bib10]). Thus, the competencies of the future should be developed in the form of employee training, all the more so because -- due to the current demographic changes --employees are remaining on the job market despite reaching the age of retirement ([@bib37]).

Sustainable HR development should also increase employees' environmental awareness (Principle 7) taking into account recent developments in rapidly growing body of environmental knowledge ([@bib130]). In the literature on the subject, HR development in the form of training is considered the basis for building a pro-environmental attitude and a green organizational culture (Susan E. [@bib55]). As the research conducted by [@bib132] has shown, HR training is in the first place on the list of practices considered to be the most effective in shaping employees' pro-environmental behavior. As [@bib16] confirmed in their study, green training has a positive impact on enhancing green knowledge and skills. HR training has a positive influence not only on individual performance, but also on employees' collective organizational citizenship behavior towards the environment ([@bib94]) and team creativity ([@bib85]). Training can be used as a way of responding to barriers to the adoption of environmental practices ([@bib66]). At this place it is worth mentioning that constant changes in technology (called technological turbulence) don't strengthen the positive relationship between green training and team creativity related to solving environmental problems ([@bib85]).

External partnership (Principle 8) in the context of HR development means cooperating with the educational system. An example of such practices is the organization of training courses (in cooperation with training companies) or postgraduate studies (in cooperation with universities). The inter-organizational transfer of experience may not be enough, especially in the context of developing future competencies. That is why companies must not only analyze the training which is available on the market, but also communicate their needs. In this way the industrial companies can contribute to positive changes in the educational system and society, going beyond only their own benefits. HR development also takes place in the form of creating new innovative knowledge. Industrial companies can participate in the creation of research and development centers at universities, contributing to the technological development of the industry and resulting in the development of science.

Taking into account profitability (Principle 9), it should be stated that this principle of SHRM -- like the others -- is in line with the concept of the Triple Bottom Line. It reflects the economic bottom line. Financial outcomes are no longer the only criteria to measure a company's success, but this area still is important. Profitability in the context of HR development means that competent and motivated employees will contribute to company development and introduce innovations, thus bringing profits to the organization. As indicated above, sustainable HRM practices -- including HR development -- has a positive influence on a company's performance, including financial indicators ([@bib104]; [@bib89]). In the decision-making process related to training (its forms, the employment of trainers, or the use of modern e-learning technologies), one should take into account the costs as well as the long-term profits. However, it is necessary to consider training first of all as an investment, not an expense. Finally, companies can take advantage of public funds, e.g. from the European Union, devoted to the support of HR development and green-related issues ([@bib43]).

2.2. Competencies of the future {#sec2.2}
-------------------------------

According to Deloitte's Industry 4.0 research, enterprises are already subject to digital transformation because of the most frequently mentioned benefits: increased productivity, reduced operational risk, and meeting customer demands to a greater extent ([@bib47]).

As was pointed out in the Introduction, the Fourth Industrial Revolution combines people and technology. Three alternative scenarios of the technological impact on the future workforce are being discussed ([@bib72]). According to the first of them, work would be optimized through automation. A company would use the available opportunities to expand, as the workforce would be supported by robots and artificial intelligence, thus optimizing future work. In the second scenario, automation would be replaced by cooperation, being the priority for Industry 4.0. In addition, this scenario would provide the workforce with a voice, making it more involved rather than alienated. Its aim would be to take advantage of the best practices from technology companies, eliminating the tools that disrupt the workforce and joining labor organizations and governments in the development of new workforce strategies. The third and final scenario would bring about a digital transformation that would result in a workforce transformation. The level of expertise in automation would frequently exceed human ability, which should nonetheless not be underestimated in terms of the potential ingrained in specifically human skills, making them even more important in Industry 4.0. In [@bib122] point of view, the progressing application of Industry 4.0 technologies will not result in total automation causing a competitive conflict between humans and machines, but efforts will be made to achieve the best possible collaboration between humans and machines.

Moreover, in the future, the division of labor should be based on a three-dimensional typology ([@bib35]):1)Value creation dimension, i.e. the tasks completed as part of IT processes and the actors responsible for them (executive managers, R&D experts, engineers, integrators, operators, and supervised personnel)2)Relationship dimension, i.e. the types of needs and skills connected with constructing relationships for professional purposes, including such actors as network developers, network-linked, and non-linked employees3)Decision-making dimension, i.e. the position held by an individual in the decision-making process and their capacity for being involved in the decisions made when acting as a decision-maker, contributor, or executor.

In the opinion presented by the German Institute for Labor Market Research, the demand for highly skilled employees will grow as a result of the aforementioned transformations, and there will be less demand for workers presenting less advanced qualifications ([@bib116]; [@bib126]). Thus, it is of the utmost importance to make efforts to prepare employees for the new challenges imposed by technological changes ([@bib96]; [@bib128]). That is why it seems justified to describe which employee competencies will be crucial in the future.

The report "*Employers' Perception of Graduate Employability*," prepared by the Gallup Organization in 2010, presents research conducted in the form of interviews with recruiters from 7036 businesses located in 27 European Union countries and 4 from outside the EU ([@bib118]). The competencies indicated as being very important for university graduates -- in descending order of importance are as follows:1)teamwork skills,2)technical skills,3)interpersonal communication skills,4)computer literacy, and5)the ability to adapt and act in new situations and the ability to read and write well.

The rep published in 2011, presents the list of competencies required in the future: new media literacy, multidisciplinary, sense-making, social intelligence, cognitive load management, cross-cultural skill, design mindset, novel and adaptive thinking, computational thinking, and virtual collaboration ([@bib23]).

[@bib50] conducted a meta-study analysis of future competencies in Industry 4.0. They distinguished the following four groups of competencies which were mentioned in at least three studies:a)social competencies (communication and cooperation)b)methodological competencies (analytical competence, complex problem-solving, and decision-making),c)personal competencies (willingness to learn), andd)domain competencies (digital networks, digital security, coding competence, process understanding, and interdisciplinary competence).

The lists of competencies expected from industrial engineers are also presented in the subject literature ([@bib105]; [@bib81]; [@bib90]). It is believed that the Industry 3.0 engineer is a logical, analytical, and systematic person who follows the appropriate procedures and has an innate need to perform tasks properly and to focus on issues rather than people. He/she can work with people, but in a familiar team; he/she does not like changes or new situations; he/she works in a calm and thoughtful manner from start to finish and has the ability to get things done; he/she is a very attentive, polite, well-organized, predictable, and methodical person. In contrast, the Industry 4.0 engineer is an open, active person who likes diversity, both in terms of contact with people and the tasks performed; he/she can communicate highly technical, detailed information to others with enthusiasm and optimism, evoking positive feelings about the shared ideas; he/she attaches great importance to detail and strives for perfection, ensuring a high quality of work and compliance with standards by following the rules and procedures ([@bib42]).

The Engineering Competency Model (ECM) for engineers, developed in 2017 by the Employment and Training Administration (ETA) and the American Association of Engineering Societies (AAES) is the best-known one. [Fig. 1](#fig1){ref-type="fig"} shows this comprehensive competency model covering the groups of competencies required from engineers. Each group presents a list of specific competencies. For example, interpersonal skills include such competencies as demonstrating sensitivity/empathy, demonstrating insight into behavior, maintaining open relationships, and showing cultural awareness.Fig. 1Engineering competency model (ECM) ([@bib17]).Fig. 1

In the context of engineers' professional competencies, there is a need for interdisciplinary skills. An engineer should have the technical competencies that allow them to function efficiently in several areas by combining IT knowledge in programming or cybersecurity with an understanding of production processes, automation, robotics, etc. In addition to expanding the scope of professional competencies in various fields, employers expect an engineer to present the respective competencies to production, project, and team management.

It is worth pointing out here that the competencies referred to as soft skills constitute the foundation of the above-presented model and cover communication skills with the other employees on one's team as well as the representatives of other departments, flexibility, and the ability to adapt to changing conditions, and thus to initiating and introducing changes in an organization.

Moreover, in this model, the problem of sustainability was also addressed. Although the literature studies conducted by [@bib9] show that there are only a few articles that establish the relationships between Industry 4.0 and sustainability, and Industry 4.0 is often considered to be a disruption in industrial production, "Sustainability and Societal and Environmental Impact" were included among the industry-wide technical competencies.

It is worth mentioning here that there has been no common approach in defining the competencies needed for sustainable development ([@bib31]). Some authors associate them with the general competencies required in the future ([@bib65]; [@bib68]), while others try to build a list of specific features, such as "1) an appreciation of the importance of environmental, social, political, and economic contexts for each discipline; 2) a broad and balanced foundation knowledge of sustainable development, its key principles, and the main debate within them, including its contested and expanding boundaries; 3) problem-solving skills in a non-reductionist manner for highly complex real-life problems; 4) the ability to think creatively and holistically and to make critical judgements; 5) the ability to develop a high level of self-reflection (both personal and professional); 6) the ability to identify, understand, evaluate, and adopt values conducive to sustainability; 7) the ability to bridge the gap between theory and practice; 8) the ability to practice creatively in interdisciplinary teams; and 9) the ability to initiate and manage change" ([@bib57], pp. 318--319). It is noticeable that most of these competencies are soft skills, interpersonal in nature.

As indicated in the Introduction, engineers are responsible for introducing product and process innovations such as, e.g., sustainable lean production ([@bib120]). In this way, they not only help to achieve company goals, but they also contribute to the development of a circular economy. A modern engineer is able to operate with a Triple Bottom Line, incorporating financial profitability, environmental integrity ("a complex set of concepts that describe a healthy natural system" ([@bib93], p. 40)), and corporate social responsibility. They know how to analyze the impacts of a project component on diverse stakeholders. Finally, they can integrate engineering and the arts and humanities.

Based on the different lists of competencies presented above, one can conclude that a process of constant learning is needed. Many entities are involved in ensuring the skills desired by employers are available to them. As indicated earlier, employers are responsible for the sustainable development of their employees. The educational system is also of great importance in shaping the competencies of the future. It should create a society of educated and entrepreneurial people.

At this point, it is worth noting that a survey conducted in 2015, covering the production industry in Poland, found that in 16% of companies data are still collected manually on paper. In most cases (59% of companies), data are manually entered into a computer system. The Third Industrial Revolution is still a challenge for Polish production plants, let alone Industry 4.0 (76% of companies are only partly automated) ([@bib53]). There are many reasons for Poland's technological delay in comparison with the most industrialized countries: late access to Western technologies (not before 1989, i.e., following the communist system's collapse), low labor costs, or inadequate access to capital.

In 2018, the group of professionals known as "scientists and engineers" accounted for 7.3% of the active population, whereas in Germany the figure was 7.6%, in the UK it was 10.7%, and in Sweden 11.2% ([@bib33]). In addition, labor market analysts have already identified a gap between employee skills and employer requirements. The problem may result from an absence of developmental thinking among Poles and being locked within the limits of one's learned profession ([@bib135]). In the times of digitization, an attractive position on the labor market depends on well-developed digital competencies. In this regard, Poles still lag behind other Europeans. One in five Poles has never used the Internet and only 39% use a computer at work, while in the European Union the respective average percentage amounts to 50%. Only 13% of Poles broaden their knowledge in the field of new technologies ([@bib135]). A recently conducted study by the Association of Internet Industry Employers shows that Poland lacks a unified and internally cohesive educational model. Polish universities are not equipped to address the constant changes in communication methods in relation to new media development and the digital world ([@bib63]). In this context, it is interesting to answer the research question, "do industrial companies practice sustainable HR development towards engineers?"

3. Material and methods {#sec3}
=======================

As indicated in the Introduction to this study, the results of three research projects were used to achieve the purpose of the article. The first of them, entitled "The Development of Engineers' Competencies," was implemented in 2016 by ASTOR Academy ([@bib3]). The respondents were 114 engineers from manufacturing companies.

The second project -- "Smart Industry Poland 2019" -- was carried out in the second quarter of 2018 and covered a nationwide sample of 100 small and 100 medium-sized industrial businesses performing production activities in Poland ([@bib77]). The engineers employed in these companies took part in the survey. The study was conducted by Kantar Polska S.A. using the CATI method, i.e. computer-assisted telephone interviews during which an interviewer interacts with a respondent using a computer equipped with specialized software. Over half of the respondents (57.5%) worked in heavy industry and the rest represented light industry. Thus, it can be adopted that the research reflects -- relatively evenly -- the two basic branches of industry. In addition, the sample population covered engineers with highly diverse work experience -- from individuals just starting out in their careers (24.5%) to those capable of boasting over 20 years of work experience (15%). Women constituted 13% of the respondents. This allowed the researcher to treat the sample as representative, which provides for more reliable inferences based on the results.

The analysis also used data from Eurostat and Statistics Poland regarding the practice of employee training in companies.

In addition to desk research, the article also presents the preliminary results of research on developing pro-environmental attitudes in the workplace. This research project started in March 2020; however, due to the COVID-19 pandemic, it was only possible to collect (electronically) 50 correctly completed surveys in March and April of 2020. The engineers -- Master's degree students studying at Wrocław University of Economics and working in industrial companies -- participated in the survey. The article presents only the results that address the problem of employee development in the training process.

4. Results and discussion {#sec4}
=========================

The survey on the needs of industrial engineers carried out by ASTOR in 2016 found that the main motivators for engineers in their everyday work are as follows: a desire for continuous development and experience, ambitious challenges, various projects, professional passion, and self-fulfillment. At the same time, 68% of the respondents admitted that their company does not offer any development programs for employees; 55% claim that their company does not actively search for employee training. If, however, training courses are organized, the company finances 85% of the cost. The department manager, the company president, or the owner decide when to send employees for training. In only 8% of cases these decisions are made by an employee individually or after consulting the manager. Therefore, the surveyed companies do not meet the principle of SHRM in the form of employee participation.

The research carried out as part of the Smart Industry Poland 2019 project showed an awareness among the majority of respondents that the profession of engineer is evolving towards the role of a change leader in an organization, who comes up with new and creative solutions to support the company in various areas, including sustainable development. A readiness for change and flexibility is a defining feature of the job of an engineer; thus, it is not surprising that even among older professionals many are open to a new formula, aiming at taking the role of a change leader. Among the youngest respondents, the percentage of those who expect changes in the engineering profession was as high as 84%, which shows that the individuals choosing this particular profession expect to experience such a process in the course of their own career.

At the same time, the respondents indicated that technical skills are of key importance in the context of implementing the idea of Industry 4.0 ([Table 1](#tbl1){ref-type="table"} ). Technical competencies included hard workplace and academic competencies from the ECM as presented above. Personal competencies covered analytical thinking, problem-solving, a creative approach, an openness towards innovation, responsibility, effective handling of the decision-making process, proper time management, a readiness for constant learning, and knowledge transfer. These competencies correspond to levels 1, 2, and 3 in the ECM. Social competencies were associated with soft workplace competencies from the ECM, such as teamwork; interpersonal competencies were connected with personal effectiveness in the ECM; and managerial competencies and communication were included in the academic competencies of the ECM. Analytical and IT competencies were a part of the academic competencies presented in the ECM.Table 1Assessment of the significance of competencies in the context of future industry development scenarios -- Smart Industry Poland 2019 survey.Table 1Competence groupsPercentage of respondents considering competencies important\
(N=200)Technical competencies93%Personal competencies89%Social and managerial competencies81%Analytical and IT competencies66%

According to Polish engineers, the foundation of their professional authority is, above all, their technical knowledge. On the one hand, this is understandable, as technical competencies constitute the profession of an engineer. On the other hand, however, fetishizing these competencies and presenting logical and analytical thinking alone can constitute a barrier to industry innovation ([@bib98]), including product and process innovation that allows the transition from a linear to a circular economy. [@bib18] reached such conclusions, extensively considering the technical optics of engineers as a barrier for implementing the design thinking concept in chemical product development. In this context, it is worth noting that a high level of personal competencies, e.g., a creative approach (89% responses) or social competencies (81% responses), is perceived as positive.

As indicated earlier, digital competencies occupy an important place among future competencies ([@bib118]; [@bib23]; [@bib50]). New areas of competence, such as integrating control systems, programming industrial robot teams, integrating analytical systems in data clouds with local systems, ensuring cybersecurity, or applying artificial intelligence algorithms in automation systems will gain importance. The Internet of Things is now at the heart of companies' digital investment; however, within the next three years the focus will be on a more extensive application of artificial intelligence ([@bib26]). However, analytical and IT-related competencies were identified by the respondents as being the least important. Slightly more than half of the engineers declared that employers do not expect employees to expand their knowledge on digital technologies, and 12.6% indicated that there is definitely no such expectation. This attitude is reflected in Eurostat statistics. Poland ranks below the EU average in the indicator "Percentage of individuals who have basic or above basic overall digital skills" ([Table 2](#tbl2){ref-type="table"} ).Table 2Percentage of individuals who have basic or above basic overall digital skills ([@bib34]).Table 2Year2015201620172019EU-28 (2013--2020)55565758Poland40444644

The lack of digital competencies is not only a barrier for creating a reputation of being a modern company, but also for the transition from a linear to a circular economy. Although it has been mentioned repeatedly above, it is worth noting again that the digitization of the manufacturing sector will enable the development of environmentally-friendly practices and this can lead to socioeconomic sustainability ([@bib58]).

The hypothesis can be put forward that having members of Generation C, people born after 1990, enter the job market brings some hope for companies. In the name of this generation, also referred to as "always-on," the letter "C" comes from the English word "connected". This term reflects the role played by the Internet in the life of Generation C. The other words this name may refer to are communicating, content-centric, computerized, community-oriented, always clicking, or change. The research indicates that people from Generation C are not only familiar with technology, but also concerned about environmental problems ([@bib64]). Therefore, they should have and should be willing to develop digital competencies; they should also force employers to comply with the idea of environmental sustainability.

The barrier to implementing an Industry 4.0 strategy that was most often indicated in the Smart Industry Poland 2019 survey was the need to employ new, adequately qualified specialists (53%). The strategies which businesses adopt to retain relevant knowledge are mainly based on training new employees (83%). Most often, however, training takes the form of informal guidance received from more experienced employees (61%).

Against this background, the continuing vocational training (CVT) survey conducted by Eurostat shows that as many as 55.5% of industrial companies did not provide CVT in 2015. Generally, from the reasons for businesses not to provide training, 85.2% of all respondents indicated that the existing qualifications, skills, and competencies correspond to the current needs of a company ([Appendix 1](#appsec1){ref-type="sec"}). Such an attitude stands in conflict with a basic general principle of sustainability and one of the detailed principles of sustainable HRM, i.e., maintaining a long-term perspective. The principle of HR flexibility is not followed here either.

The studies carried out by Statistics Poland (Central Statistical Office in Poland) every 5 years show that, in 2015, among all companies located in Poland the highest percentage of companies which do not offer training was observed among industrial companies (73.3%) dealing in the production of textiles, clothing, and leather products. No correlation between company size and the practice of staff training was recorded in this case (Statistics Poland, 2017).

The extent of the training courses conducted can also be assessed by analyzing the availability rate of courses, calculated as the ratio of the number of course participants to the number of employees. According to [@bib100], the lowest value of the availability rate of courses (0.316) was recorded in industrial companies (production of textile goods; production of clothing; production of leather and leather products). The fewest training hours per year per employee were recorded in the entities operating in such industry sectors as the production of wood, cork, straw, and wicker products, furniture production, and other production of goods (10.7 h). Among the skills acquired by the employees participating in courses, the skills most often indicated by companies were technical, practical, or professional competencies recorded in 49.6% of the businesses providing courses. In terms of the business type, these skills were indicated by the largest number of companies in such industry sectors as the production of motor vehicles, trailers, and semi-trailers and the production of other transport equipment -- 76.7% of the total number of companies. The same group of industrial companies was also characterized by the prevalence of internal courses (79.5% of the total number of entities included in this group), which corresponds to the results of the Smart Industry Poland 2019 survey ([@bib77]). The majority of companies under study do not follow the principle of external participation with educational institutes.

As presented in Section [2.1](#sec2.1){ref-type="sec"}, the sustainable development of employees aimed at human protection means investing in training which covers such topics as coping with stress, proper nutrition, and regenerating and relaxing exercises after work. They should also increase employees' environmental awareness because environmental sustainability is a core concept of sustainability. Research on non-mandatory activities focused on personnel health in companies employing over 50 workers was also carried out in Poland in 2015. They show that 3.7% of 1000 participating research organizations conducted stress-coping training, whereas health education unrelated to health and safety regulations (concerning, e.g., chronic diseases or lifestyle) was provided in only 1.3% of organizations ([@bib101]). Unfortunately, these studies do not take into account the division into industrial and other companies.

The research initiated in March 2020 has been focused on the problem of developing pro-environmental attitudes. In order to create sustainable value for an organization, it is necessary to develop the sustainable competencies of the future ([@bib48]). The respondents (50 industrial engineers) were asked about the practices followed in the industrial companies they are employed in. As part of these practices, the training courses on pro-environmental issues were specified. [Table 3](#tbl3){ref-type="table"} presents the percentage of responses according to types of companies as well as to groups of respondents. The companies were divided by size and the origin of their capital, while the respondents were grouped according to the position held.Table 3Research results on training courses including environmental issues.Table 3How often are training courses held on environmental sustainability?Frequency of responses in a given group of companyCharacteristics of companies in the samplenever/rarelysometimesalways/oftenTotalPolish (n=10)60%40.00%0%100%Foreign (n=40)35%45.00%20%100%Very large (over 5,000 employees) ( n=10)20%20.00%60%100%Large (251--5,000 employees) (n=28)28.57%64.29%7%100%Small (up to 50 employees) (n=4)100%0.00%0%100%Medium-sized (51--249 employees) (n=8)75%25%0%100%How significant is the absence of such training courses as a barrier in developing appropriate attitudes?insignificant/hardly significantmoderately significanthighly significantTotalJob level: non-supervisory (n=34)11.76%58.82%29.41%100%Job level: managerial/supervisory (n=16)0%62.5%37.50%100%

As confirmed in many studies ([@bib55], [@bib132], [@bib94], [@bib16], [@bib66]), green training has a positive impact on enhancing green awareness and pro-environmental behavior. As [Table 3](#tbl3){ref-type="table"} shows, training on environmental issues is most often provided in very large companies. This is probably associated with ISO 14001 certification. According to the ISO Survey 2018, Poland ranks 146th out of 181 countries in the number of sites per country which have implemented ISO 14001:2015 ([@bib88]). At this point it is worth mentioning that small and medium-sized enterprises (SMEs) constitute a strategic sector of the Polish economy, not only due to their positive impact on regional development, but also because of their share in the growth of gross domestic product (GDP) and the reduction of the unemployment rate ([@bib83]). The analysis covering Europe highlights the fact that SMEs are responsible for about 64% of industrial pollution, which is in line with their contribution to general production ([@bib22]). Therefore, it is crucial to develop environmental awareness and knowledge in modern technologies in order to enable sustainable development among employees of SMEs.

In addition to company size, the origin of capital also matters. There is a clear gap between Polish companies and those with foreign capital. The awareness of training importance in developing pro-environmental behavior is higher among people in managerial positions. It is difficult to fill in the competence gap in the area of sustainability without providing proper training. Competence in this respect is important because it is the companies that take responsibility for sustainable development worldwide.

5. Conclusions {#sec5}
==============

The transformations occurring in the contemporary economic reality relating to both the developing idea of sustainability and to the Fourth Industrial Revolution are identified with incredible technological progress. As part of sustainable human resource management, attention is drawn to the need for employee development, which is treated as both an element of HR function and as one of the detailed principles of SHRM.

This study addresses emerging topics such as sustainability, Industry 4.0, and sustainable HRM. It extends the current state of knowledge on the theme of sustainable HR development. The article answers the question of how such development should be implemented, considering other principles typical of sustainable HRM. It was emphasized that long-term orientation and ensuring flexibility means developing "the competencies of the future." These competencies were presented, focusing on engineers as the professional group responsible for implementing the idea of cleaner production and Industry 4.0. Moreover, it was stated that sustainable HR development should remain in line with other detailed principles of sustainable HRM, such as employees' cooperation and participation, equality, and human and environmental protection.

The analysis of the results of three research projects and the data presented by Eurostat and Statistics Poland shows that industrial companies in Poland have more of a short-sighted perspective when it comes to developing the potential of their engineers. The HR development practices focusing only on current needs are not in line with the sustainable HRM principles of a long-term perspective and flexibility. There is also a visible lack of employee participation in the process of making training-related decisions, which is another principle of SHRM. In addition, environmental sustainability remains a neglected area of knowledge in terms of training, and the cooperation with external educational institutions is low.

5.1. Implications for practitioners {#sec5.1}
-----------------------------------

The first implication for practice concerns the central role of industrial engineers within the processes of innovation and sustainability. Their potential must be developed so that they can work effectively today and in the future and contribute to the company's sustainable development.

In 2035, the demand for emerging technologies alone could even be double that of primary production in 2013 for specific raw materials ([@bib69]). It will be necessary to find substitutes or use resources more efficiency in production and consumption (e.g., proper recycling and purification). This, in turn, requires technological innovation ([@bib12]), and thus, the involvement of industrial engineers.

According to a report by Deloitte, 3.5 million jobs will be available in the manufacturing sector, but it is estimated that the existing qualified staff can fill less than half of them. This report reveals that the skills gap could result in as many as 2.4 million vacancies in the period 2018--2028 ([@bib91]). These numbers point to the growing gap between available jobs that have to be filled and appropriately qualified personnel to perform these jobs. The report also indicates that in the coming years it will be three times more difficult to recruit employees with digital competences and qualified staff to work in manufacturing processes. These predictions provide substantial grounds for undertaking appropriate development activities in industrial companies.

The research covering Poland shows that the focus of both engineers and their employers is primarily on technical competencies. Digital skills represent a neglected area that is currently in high demand and gaining importance in the context of future challenges. Another area of competences requiring training is also the one directly related to the idea of sustainability. Competencies are predominantly developed in the form of internal training courses. Meanwhile, continuing vocational training should be based on employees' access to specialized, professional training courses offered by external institutions. The companies delivering professional training services should focus on the competencies required in the future.

The results identify practical implications not only for training providers and industrial companies, whose HR managers should implement sustainable human resource development. The employees themselves -- as the employee 4.0 profile shows -- should care about developing their own competences. According to the results, they do not care for the development of their digital competencies.

Finally, public schools are responsible for public education. In terms of engineers, this refers to academic teaching, which should prepare engineers for work. The researchers point out that in order to improve management quality in this area, it is also imperative to incorporate into the university curriculum not only the general idea of sustainability, but also the problem of SHRM. Knowledge of modern management methods, including sustainable HR development, will contribute to a greater awareness of future managers and, at the same time, will positively affect the quality of leadership ([@bib87]). Sustainable leadership should accompany sustainable HR practices undertaken by an HR department ([@bib70]). In addition, universities should offer post-graduate studies that keep up with changes and focus on the development of future competencies.

5.2. Implications for researchers {#sec5.2}
---------------------------------

As indicated above, the paper answers the basic academic questions of "what to do and how" in order to develop human potential in a sustainable way, i.e., taking into account other detailed principles of sustainable HRM. The problem of sustainable HRM, and thus of sustainable HR development is a relatively new issue. The concept of sustainable HRM continues to evolve.

There are some limitations of this study which can nonetheless act as a basis for further research. Firstly, the article is based on the typology of SHRM principles published by [@bib117]. The further conceptualization of sustainable HR development can include different perspectives of analysis, including the dimensions of SHRM presented in Section [2.1](#sec2.1){ref-type="sec"} (i.e., organizational culture or top management support) or the issue of job satisfaction.

Secondly, this article provides information originating from different research projects. Due to the unavailability of data, it was not possible to assess whether industrial companies -- while developing HR -- meet all of the other detailed principles of SHRM. It was found that the surveyed companies do not have a long-term perspective, are not focused on flexibility, do not promote employee participation in training decisions, and do not cooperate with educational institutions. SMEs, in particular, do not provide employee training that covers environmental issues. Although technical optics prevails in the analyzed organizations, it cannot be unequivocally concluded that the training offered to employees do not contribute towards developing a culture of cooperation. It is also unknown whether the employees have equal access to training. When it comes to training on wellbeing, the conclusions are based on non-sector-specific research. Also, the profitability of HR development was not a topic of research. There is a need to conduct complex research on sustainable HR development that includes all the other detailed principles of SHRM.

Thirdly, this paper focuses on engineers working in Poland. Further research may compare the situation between different countries, for example. The results of such research could provide information that is useful in the decision-making process for investment location and engineers' professional career development. Industrial trainers are also representatives of the professional groups recognized as knowledge workers. Determining how sustainable HR development is implemented in relation to these professional groups could be an interesting research challenge.

Finally, a more concerned society and different organizations (public sector, non-government institutions) demand that the industrial companies produce in a Triple Bottom Line manner ([@bib106]). However, as indicated in this study, there is a problem with defining sustainable competencies. The challenge for academics is to operationalize the concept of sustainable competencies and design the appropriate measures. Further research should investigate how and under which conditions the particular sustainable competencies contribute to sustainable development. An interesting research area is to identify which teaching methods used at universities and training methods used by professional training providers are the most effective in developing sustainable competencies.

The problem of sustainable HRM has not been thoroughly covered as yet due to its complexity and relevance not only for current employers and employees but also for future generations who will be living in the world designed by people working today.
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